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ByWalterG.Walker

AccelerationendairspeeddatatakenonfourSikorskyS-@ air-
plsnesoperated@ Caribtieenroutesand&Loagtheeastcoastof
SouthAmericahavebeenanalyzedandtheresultsindicatethatthe
flightloadsseemaboutaverageincompmisonwiththefl.i@tloads
ofothertyyesof airplanesoyeratedondifferentroutes.Thelimit
gustloadfactoroftheS-42Aairplaneswillbe exceeded,ontheaverage,
oncein about3 X 107 fli~tmiles.TheloadsoftheSikors@S-42Aair-
planeswerelessconservativethantheloadsoftheBoeingS-307airplanes,
%othofwhichwereoperatedinthesamegeneralregion;thisdifference
wasattributedtothehigherratioofprobablespeedofmaximumaccele-
rationoccurrenceto thedesignmaximumlevel-flightspeedV ~ of$
theS-42Aairplanes.Cari%beanoperatiasoftheS-42AandtheS-307
airplsnesereingoodagreementwithrespecttorouteroughnessanddo

Inotshowgreaterrouteroughnessthanmostoftheotherroutescompared.

momcmo~

Previousanalyses(references1 to 3) presenttheresultso%tained
fromaccelerationandairspeeddatatakenduringcommercialtrsnsport
operationto showtheinfluenceofairplane,route,season,~d prew
endwartimeoperationsantheflightloadssndoperatingspeeds.TheseI papersdeslwiththreedifferentt~s ofairplanesoperatedandifferent
routes.Insofarastheflightloadsoftheairplanesareccmcened,the
resultsindicatethatairplanespeedinregionsofturlmlentairiEa
significantparemeterandthatdifferencesareapparenth prewarand

. wartimeoperations.OperationsoftheDouglasIX-3t~e airpleneson
transcontinentalroutesoftheUnitedStateshaveindicatedthat
variatimsintheforecastinganddispatchingpracticesoftheairlines

, appeartocompensatefordifferencesinrouteroughness.Trms-Pacific
operationsoftheMsrtinM-130airplaneshaveindicatedgreaterrou%e
roughnessthandidoperationsovertranscontinentalroutesofthe
UnitedStatesor,operationsoverCaribbeemroutes.

I
I
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2 IWCATNNo.1733

This’paper@ves theresultsofanmm.lysisofV-Gdatatalmn
onfourSikors&S-42Afl.@ngboatsoperatedm Csribleanroutesand
ebng theeastcoastofSouthAmericad- theperiod.frcm1936to1939●

Ihve=tigationhasleenmade
routesonthefM+ghtloads.
andtheflight-loadresults

oftheinfluenceof qeratingspeedsand
TheavailableS-42Adataaresummarized
e.qcomysredwiththeresultsofenalyses

madeinthepast.

SYMBOLS

K

Ue

%llw’
T=, TO,E_

g@-alleviationfactor

effectivegustvelocity,feetjersecond

designmaximumle~el-fkl+jhtspeed,milesperhour

madmumindicatedairsyeedonV-Grecord,miles
perhour

indicatedairqeed.atwhichmax5mumpositiveor
negativeaccelerationincrementoccurson
V-Grecord,milesyerhour

probableairqeed.atwhich~ acceleration
willmostHkely occuronderivedflight
envelopeymilesperhour

madmnmyositiveornegativeacceleration
incrementonV-Grecord,g units

averagevsluesofdistributionsof v=) ~.J
end.+, respectively

standanideviationsofdistributionsof V=,
To,m.d h-, respectively

coefficientsofskewnessofdistributionsof
v Vo,m’ W ~, respectively

pobabi~tythat~ accelerationona
recordwilloccurina givenspeedrmge

averageflightthe perrecord,hours

●
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lHLCATNNo. 1733 3

SCOPEOFDATA

One-hundredninety-threeV-Grecordsrepresenting15,902hoursof
flightwereavailableforanalysis. Thereco~ are~zed ~
tableI forthefourS-42Afl@ngheatswhichwereqeratedin.scheduled
trsnqortoperationsfromMimi,FloridatotheWestbdies andalong

, theeastcoastofSouthAmericaasfarmuth asBuenosAires,Argentia
duringtheperiodfrm April1936toDecemiber1939.Informationsupplied
totheNationalAdvisoryCommitteeforAeronauticswiththerecordsincluded
installationandranavaldates,routesflown,andthemmiberofflight
hoursperrecord.In occasion&Lcaseswhereunusualflightconditions
wereencountered,supplementaryinformationwasgiven.Actualoperating
weightswerenotsupplied..

TableI @ves a brealalownoftherecordstakm onthefour
S-42Aairplanes.Sincethemethodofanslysisrequiresa reascmably
constantnumleroffli@thoursyerrecordina givengroup,the1.17records,
whichrepresent1.1,124fl@hthourstithintherangeof.70to 130hours
andwhichwerechosenforanalysisherein,conformtotherequirementsof
themethod(reference4) . Attemptsatbreakdownsofthedatafor@ven
routesyielddnousefulresultsbecausealmostaJJ.recordsincluded
operationsbothintieCsribleanandtoBuenosAiresandthereturn.
Consequently,thedatausedintheanalysisareconsideredtorepresent
operationsoveroneroute.Theresultsobtainedinanalysisofthe
individualairplanesshownintableI havebeencombinedsincedif-
ferenceswerefoundtobe negligible.

Theairplanechsracteritiicsnecessaryfortheanalysiswere
obtainedfromtheCivilAeronauticsAdministrationorwerecamputed
inaccordemcewithdesignrequirementsandareasfollows:

Grossweight,po@ . . . . . . . . . . . . . . . . . . . ...41.000
Wingarea,squarefeet... c . . . . . . . . . . . . . . . ..1A40
w~s~an,feet.==.... . . . = . . . . . . . . . . . . .. H8.17
MeanaeroQnsmicchord,feet ● **=0 =.. .o . . . . . . ..12.33
SlopeoJ?~ftcue, perrwan. . . . . . .=....... . ..4.54
Aspectratioo.===.... . . . . . = . . . . . . . . . . ..10.5
Designmsxlmumlevel-flAghtspeed

atseal.eveljV, milesperhour. . . . . . . . . . . . . . ..18LL
Placardspeed,milesperhour.. . . . . . .=.....=. . . . 226
~tgustloti factor,gunits ● . = . . . . . . . . ... . . ..2.58
Gust-alleviationfactor,K ● . . = . . . . . . . . . . . . ...1.125

Thelimitgustloadfactorof2.58g,whichcorrespondsto aneffective
gustvelocityUe of 30Kfeetper secondatthemaximumspeedinlevel
flJghtVL,wascomputedwiththegust-load-factorformulaofreference5.

-.. ——-—.-__—_ .__ .._ .— —— .. —.— ——._—
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,

TheS-42Aairplanewasdesignedbeforetiegust-alleviationfactorK
wasincorporatedinthegust-load-factorformula.ThefactorK is
includedinthepresentcomputationssothattheresultsmaybe compared
withthoseofreferences1 to 3. Becausedetailedinformationwas
lacking,theplaceml(ornever-e~eed)speedwascoqutedfromin-
formationgivenm reference6 tobe 1“2~Lor226filesperhourc

Therecordswereevaluatedwithoutattemptingtodistinguish
betweenaccelerationscausedby gustsandbymaneuvers.Alilarge
accelerationsareassumedtobe duetogusts,asexperienceindicates
thatmost”ofthelargeloadsimposedduringnormaltransportoperation
sxeduetogu8ts.

ANALYSIS ‘

Themethodofenalysisisgiveninreferences1 to 4. Fivevalues
wereresdfraneachV-Grecofi:the~ positiveandmaaimum

ts +, thespeedscorrespondingtonegativeaccelerationincremen
maximum-acceleratimoccurrencesTo,andthemaximumspeediflownVm=,
togetherwiththefllghtmilesperrecord(obtednedbymultijlylngthe
averagetimeperrecord_byanaasumedaveragecruisingspeedofO.8VL~o

Thesevaluesconstitutetheflightloaddatanecessaryforthestatistical
computations.As inreference81 to 3,thedistributionofpositive
andnegativeaccekrationsis amumedtobe essentiallysymmetrical
aboutthe1 g Hne, andthereforethemaximumvaluesweresortedand
tabulatedwithoutregardto sign.

Realdifferences%etweenprobabilitiesareconsideredtoexist
iftheydifferbymme thana ratioof5:1. The5:1ratioforSi@i-
ficanttifferences(references1 to 3)isusedhereinasa levelof
engineeringconcerninconnectionwiththespreadoffld.ghtmilesrequdred
to‘exceedthelimitgust
velocityattheprobable

loadfactorsndto exceedfixedeffectivegust
speedofmexbmm-accelerationoccurrenceV .

P

2REcIsmN

TheprecisionoftheV-Grecorderandthelimitationsofthe
mtiod ofanalysisemployedareM scussedinreference1. Theinherent
instrumenterrorsareassumednottoexceedti.2gforaccelerationnor
3 percentofthemadmumairspeedrangeoftheinstrument.

.— .. -—. —,.. , ,..-
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RESULTS

5

TableII givesthefrequencydistributions(reference4) of
v-, h-, emd V. oftheV-Gdatausedin theanalysis.The
statistical~aranwterscoqutedframthethreedistributionsaregiven
atthebottomofthetableemdaretheaveragevalueofeachdistri-
butionindicatedby a baroverthesymbol,thestendezddeviationa,
whichisa measureofthedispersionofthedistributionfromthemean,
andthecoefficientofelmcuessa,whichisa measureofdeviation
fromsymnetryofthedi,strituti~.Theseparametersareusedto
calculatePearson‘I@e13Z’curves(reference7)which,asindicatedin
reference4,havebeenassumedtobe a reasonablerepresentationof
V-Gdata.ThePearsoncurvesweretransformedtocurvesofaverageflight
milesrequiredtoexceedgivenvalueeofairspeed~d Wcelerationincre-
ment%ymultipl@ngl/Pv end l/P& by thefactorO.8VZ~,where

T = 95.1hours.Thetransformedcurvesarepresentedinfigures1 and2
togetherwiththecumulativedatafromV-Grecords.IYomthesecurves
andtheprobabilityP. thatmeximumaccelerationcma recordwilloccur.

inanygivenspeedrange,theflightenvelopesoffi~e 3 werederived
to showtheaverageflightmilesrequiredto exceedstatedvaluesof
accelerationandspeed.ThecompositeofallavailalleP-Grecordsof
theS-42Aairplaneis showninfigure3 forcompariscm.

Figurek comparestheS-42AairplaneresultsatvQues ofthe
Mmlt gustloadfactorendfixedeffectivegustvelocitywithcorre-
spondingresultsohtatnedduringtheprewarperiodfortheairplanes
showninfigure5 ofreference3. Flight
figureona logarithmicscale.

DISCUSSION

Theaverageflightmilesrequiredto
flightspeedoftheS-42Aalrplsne,shown

milesareplottedinthe

.

exceeda givenvalueof
infigure1, indicatesthat

thedesi~ level-fli@tspeedVL ‘willhe exceeded,&ntheaverage,

onceinabout1.7x 105flightmiles,whereasthechanceofexceeding
theplacsrdspeediedecidedlyremote.Figure2,whichgivesthe
flightloadsoftheairplane,indicatesthatthelimitgustload

factorwillbe exceeded,ontheaverage,onceinabout3X 107fli@t
milefl.

Figure3 indicatesthatthederivedflightenvslopeandthe
compositeV-GrecordobtainedfromallavailableS-42AV-Grecords
agreereasonablywellforcorrespondingvaluesofflightmiles.The
Increaseshownbetweenthetwoderivedenvelopesinthefigurerepresents

-— —... . .. . .... . ..— _—______ _________ —- —. ———— —. —.._._ —-_..- .— __
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\
thegrowththatwouldbe expectedofthefli@t enve~e. Theprobable
speedVp atwhichthelargestaccelerationstillmoatElmlybe

e~efienceday~esrstole intheneighlorhmdof138milesyerhouron
thederivedenvelope.

d Considerationofthedatainfigure4 indicatesthatdifferences
etistforthemriousairplanesintheaveragefM.@ttilesre~tireato
exceedtheMmit gustloadfactor.!llheseUfferencesrangefranless
than2-to-1fortheS-42Aairplanescmnparedwiththe-W-3airplenes
ofsirlineA to alout10-to-lfortheS-42Aairplanescomparedwiththe
S-307~la?ms . Whenthewholegrcxqis considered,theS-42Aflight
loadsseemaloutaverage.Thefl.i@tloadsoftheS-42Aaiz-@anesezw
lessconservativethanthoseoftheS-307,althoughbothairplsneswere
operatedonCaribbeanroutes.Thedifferencecanbe attributedto
theratioofpro%a%lespeedofmaximumaccelerationoccurrencetothe
desi~maximumlevel-flightspeedV

$
~ beinglowerfortheS-307

thanfortheS-42Aoranyoftheotherairplenes’cmopared.TheS-42A
airplaneswereoperatedatenaveragespeedratioof0.76endthe
agremmmtwiththeotherairplanesoperatedat speedratiosInthat
neighborhoodappearsgood.

In ordertocompareoperaticxmm thebasisofrouteroughnessof
theseverelroutes,theflightmilesrequiredto exceedtheacceleration
incrementduetoan effectivegustvelocityof37.5Kfeetpersecond
encounteredatpro%alles2eedof-t =co~ter ~p me @ven ~

figure4. Theparticularvalueofgustveloci~of 37.5Kwaschosen
%ecausetheflighttilesrequired~ e=eedtiere~t~g ~celerations
wouldheroughlycampardletotheflightmilesreqtiedto exceedthe
limitgustloadfaotor.Sincetheeffectofoperatingspeedisremoved,
thevariationletweenroutesisconsiderablyreduced.Ccnnparisonof
the37.5KvaluefortheS-42AairplaneswiththatfortheS-307airplsnes
showsgoodagreement.Sinceboth~es w~reoperatedonCaribbeanroutes,
agreementmighthave%eenexpected.No differencesgreaterthana%out
~-to-lareapparent%etweentheS-42Aendtheotherairplanes.When
judged%y thecriterimofthe5:1si~ficmce ratio,thedifferences
betweentheS-42Aendotherairplanesfortheflightmilesreqtiredto
exceedthe37.x 13mitarenotinexcessof~-to-l,endthecmclmi~
may30 drawnthatthesedifferencesarenotofengineeringconcen. As
a consequence,theo-peratimsofS-42Aa@?kes overc~ib~e~ routes
donotshowgreaterrouteroughnessthanmostoftheotherroutescompared.

ccmmJDmGREMARKS

Thesnelysisofaccelerationandairspeeddatatakenduringthg
operationsofSikors@s-42AairplenesonCaribleanroutesandalong
theeastcoastofSouthAmericaindicatesthatthefli~t lo~s sea

—— .— —-——.--—. _ ———. ..— —. ——
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NACATNNo.1733 7

aboutaverageincomparisonwiththefHght loadsofothertypesof
airplanesflownonclifferentroutes.Thelimitgustloadfactorof
theS-42Aairplsnewillbe exceedea,on theaverage,onceinabout
3 X 107f~ghtmiles.Theloadseqeriencedly theSilmrs@S-42Aair-
planeswereshowntobe lessconservativethentheloadsofthe
BoeingS-307airplanes,bothofwhichwereoyeratedinthescumgeneral.
region;this &ifferenceW= a~tri~ut~*O fieU@er ratioof’wo~a~le
speedofmaximumaccelerationoccurrenceto thedesi~maximumlevel-
flightspeed.Vp/VL oftheS-42Aairplanes.Caribbeanoperatimsof

theS-42AandtheS-307drplanesme ingooaagreementtithrespect
torouteroughnessanddonotshowgreaterrouteroughnessthanmost
oftheotherroutescompared..

LengleyAeronauticalLaboratory
NationalAdvisoryCmmitteeforAeronautics

LengleyField,Va.,~ 30,1948
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TABLEI

SUMMARYorV-GRE?CORDSSmTImD ARDu’mmIEAEALYsIs

Reoords supp~ea Recomlswed insaalysis ,

Number Total Numbr Total Ayerage Ruge
Aiqlene of fllght of fu-ght f light hours of reo ofi

reooras hours reoords hours per reoord fli@t hours
T

NC-15373 49 4,167 31 2,969 95.7 70 to 130

NC-15374 42 3,I26 22 1,975 83.8 70 to 130

Nc-15m 65 5,459 41 3,918 95.6 70 to 130

NC-15376 37 3,ly 23 2,262 g8.4 70to1,30

Total 193 15,902 117 11,124 95●1 70to130
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FREQUENCYDISTRIBUTIONSANDSTATISTICALPMAMETEWOF Vmax’+, AND V.

.

●

.

. Vm P.
.

Aoceleraticm P
~elooityFrequencyincrementFrequencyVelocityFrequency
(m) . (gunits) (W@)

1.50to154 E 0.25 tO0.29 2 105tolog 1
L55to 159 18 . ●3Oto .34 IJOtoU& 6
L60to164 22 .35to .39 1: 115tollg 8
L65to169 23 .40to :44 10 120to124 20
L70 to 174 17 .45to .49 4 X25to1.29 16
L75to179 16 .50to .54 10 130to134 38
L&)to184 6 ●55to .59 14 135to139 38
Lb to189 0 ●(33 to .64 23 140 to144 29
L90to194 1 .65to .69 34 145to 149 36
L95to 199 2 ●70to .74 29 150to154 21

“75 to .79 28 155 to 159 9
.E!Oto●84 15 163to164 6
●@to .89 16 165to@ 2
.90to .94 l’i’o’to174 3
.95to .99 2 175to179 0
1.00to1.04 7 lm to184 0
1.05 to1.09 2 185toI@ c)
1.10to1014 1 190to194 0
1.15to1*19 2 .195to199 1
1,20to1.24 2
1.25to1.29 !2
1.30to1.34 1
1.35to1.39 0
1.40to1.44 1
1.45to1.49 1

!rOtal U7 Total 234“ Total 234

7max lG(●07 x- 0.73 -TO 139.15

% 9.60 ‘An 0.20 Uo 13.00
aT 0.58 ah .0.58. ao 0.40
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Maximum acceleration increment, A~xJ g ~~ts

F&we2.- Averageflightmilesrequiredtoexceedagiven
accelerationincrement.
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